Summary. An improved method for extraction of plant DNA is described. Quantitative species comparisons based on DNA-DNA hybridization are reported for several members of the family Leguiminosae and for barley, wheat and rye. A maximum of about 10 % homology in DNA polynucleotide sequences is found between monocotyledons and dicotyledons tested, whereas 20 to 90 % homology is observed within a family. Species compared using a DNA fraction enriched for redundant polynucleotide sequences generally appear to be more closely related than when whole DNA is used. DNA-DNA hybridization may be useful in system'atic and evolutionary study of plants, and also a's a possible screening procedure for interfertility of species.
Homologies among the nucleic acids of viruses, of bacteria, and of animals have been established and a quantit'ative means for the assessment of genetic relationship among species has been described (5, 7) . The development of an improved method for the isol'ation of high molecular weight plant DNA has now permitted application of the DNA-agar procedure to studies of genetic relatedness am-ong higher plants. This report describes the DNA isolation proceduire and presents some results of comvparisons of polynucleotide sequence similarities in plant nucleic acids.
The design of these experiments was to react radioactive DNA fragments of one speicies with homologous DNA in agar in the presence of increasing amounts of non-radioactive DNA fragments from the same or from different species. Whenever the mixture contains radioactive and non-radlioactive fragments which are similar in nucleotide sequence, the non-radioactive fragments will compete wi,th the radioactive ones for sites on the DNA immobilized in agar (5) . Hence, the amount of radioactivity botund to the DNA-agar would be decreased and the decrement serves as a measure of the relatedness of the DNA from the 2 soturces.
Materials and Methods
Preparation of Plant DNA. The method described below for the isolation of DNA from seedlings of Pisuni sativu.4, var. Alaska has been successftully applied to other legtumes and to representative ferns, gymnosperms and angiosperms.
In general, it is advantageotus to tuse young and 1 Present address: Department of Microbiology, Uni- versity of Washington, Seattle, WN ashington 98105.
rapidly-developing tissues such as seedlings, although fully-expanded leaves of several dicotyledons and monocotyledons were also useful sources of DNA.
Ten g2 fresh weight of pea seedlings from which the cotyledons have been stripped were minced with scissors. Five to 10 ml of a solution containing 1 % sodium dodecyl sulfate, 0.1 M disodium EDTA, and 3 X SSC (SSC = 0.15 M NaCl, 0.015 m 'N'a citrate) were added to the minced seedliings in a mortar, and vigorous grinding at room temperature was carried out for 1 minute. The resulting thick paste was transferred to a glass stoppered bottle containing an equal volume of chloroform containing 1 % octanol. The mixture was shaken rapidly by hand for 30 seconds and then centrifuged briefly to separate the phases. The upper aqueous layer which contains the DNA was potured into a pre-heated bottle and incubated for 5 minutes at 720 in a water bath. The time required for the procedure to this point was not allowed to exceed 4 minutes. This extract was quickly cooled in an ice bath and adjusted to 1 M sodiuim perchlorate, and shaken with an equal volume of chloroform-octanol and recentrifuiged. The aqueous layer was re;moved to a beaker. Two voluimes of 95 % ethanol were layered over the extract, the layers slowly mixed, and the DNA fibers were removed with a glass rod. Should the DNA concenitration be low, the D\NA precipitate will not form fibers efficiently. In this event the alcohoil-precipitated niucleic acid can be collected by cenltriftugation and dissolved in a small amount of 0.1 X SSC from which the DNA iusuially can be reclaime( l)y winding oIn a glass rod again after bringing the solution to 1 DNA could be trapped in an aggregate pellet when long DNA strands were used in place of sheared DNA fragments.
The radioactivity in both the aggregate and supernatant fractions was released by DNAase when treated, and passed through cellulose nitrate filters. Non-radioactive DNA aggregate and supernatant fractions were prepared in a si,millar way, and the concentration at incubation was 500 p,g/ml.
Results Figure 1 shows the -results of interactions of several plant DNAs with that of the pea. Considering the homologous pea-pea interaction as a standard for comparison, and using the criteria of Hoyer, McCarthy, and Bolton (5) 
DNA fragments
Ta?ble IV. Unfractionated, Aggregate, and Supernatant DNA Binding to DNA-agar The experimental conditions were: 1 ,ug 32P-pea DNA: Whole DNA, 1.8-day labeling period, 5000 cpm/4g; Whole DNA, 5-day labeling period, 2700 cpm/,ug; Aggregate fraction, 1.8-day period, 300 cpm/,ug; Aggregate fraction, 5-day period, 1600 cpm/,ug; Supernatant fraction, 1.8-day period, 6000 cpm/,ug; Supernatant fraction, 5-dav period, 4400 cpm/Ag. 0.5 g DNA-agar containing 74 kg pea DNA in each case. + 0.5 ml 32P-DNA solution in each case.
Aggregation incubation at 100 jag/ml for 5-day labeled DNA, and at 136 ,ug/ml for the 1. The rapidly labeled small fraction of DNA may be extrantuclear. The presence of DNA in boith plastids and mitochondria is now well sutbstantiated (9, 10). Hotta, et al. (4) have reported a rapidly turning over fraction in wheat DNA which they suispect is plastid DNA. The following experiment was carriedl ott to (letermine whether or no,t the rapidly labeled component was chloroplast D-NA. Yotung pea plants were labeled with 32po for 6 days. The roots were separated from the shoots (only the seed was discarded) and DNA was extracted from each separately. The specific activity in the root DNA was 18,100 while that of the shoots was 2260 couints per mintute per ,Mg.
One jig of sheared labeled root D)NA was added to 205 ,ug unlabeled root DNA fragments anid aggregation was carried ouit at 296 Mtg/ml. A similar preparatioii was made with labeled and( unltabeled shoot DNA fragments under the same conditionIs.
Aggregate and sulpernatant fractions were separated anid specific activities determined. The ratio of specific activities of sutpernatant to aggregate is 3.16 with roots, and 1.78 with shoots (taile V). This indicates that the rapidly la,beled component is more prevalent in roots than in sho,o,ts, anid hence is uinlikely to be chloroplast DNA. 
